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Abstract
The U.S. Geological Survey, in cooperation with the Shoshone-Paiute Tribes of the Duck Valley Indian Reservation, analyzed mercury (Hg) concentration in rainbow trout (Oncorhynchus mykiss) collected from three reservoirs on the reservation (Mountain View, Lake Billy Shaw, and Sheep Creek) during sampling events in 2007, 2009, and 2013 , to determine the risk of Hg exposure to Tribal members and the general public.
Mercury concentration in predatory fish tends to increase with fish length, and this tendency was true for rainbow trout in the reservoirs on the reservation (r 2 = 0.44-0.70). Mean (average) and median Hg concentrations in fish tissue were determined for each reservoir for each sample year. All Hg concentrations were less than the U.S. Environmental Protection Agency's water-quality criterion of 0.30 milligram per kilogram (mg/kg wet weight [ww] ) and the Idaho Department of Environmental Quality's reasonable potential to exceed threshold of 0.24 mg/kg. Idaho Department of Health and Welfare toxicologists determined that the Hg concentrations in rainbow trout in this study would not warrant a fish-consumption advisory for this species.
Throughout this report, statistical findings with a p-value of less than 0.05 are referred to as "significant." Mean Hg concentrations in fish-tissue samples collected from Mountain View Reservoir were higher in 2007 (0.12 mg/kg ww) than in 2009 and 2013 (0.07 and 0.06 mg/kg ww, respectively), indicating a significant mean decrease. Mean Hg concentrations in fish-tissue samples collected from Lake Billy Shaw showed no significant differences among sample years (2007, 0.12 Coupled with the dynamic put-and-take fishery, the outcomes reflect the system complexities among reservoirs despite their fairly close proximity to one another. The influence of these other factors is evident when the analysis of atmospheric Hg deposition at Mercury Deposition Network site NV02 in northern Nevada showed no significant linear trend in wet Hg deposition rates for 2003-2013 (average 3.02 micrograms per square meter).
Introduction
The Duck Valley Indian Reservation spans the border of Idaho and Nevada ( fig. 1) . The reservation, established by executive order on April 16, 1877, is home to about 2,000 members of the Shoshone-Paiute Tribes (hereafter referred to as "the Tribes"). The Tribes manage three reservoirs (Mountain View, Lake Billy Shaw, and Sheep Creek Reservoirs) on the reservation as a subsistence fishery, and sport fishery for recreation and economic benefit. The Tribes have expressed concern about the potential for mercury (Hg) contamination of these reservoirs and their aquatic biota. 
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Owyhee Base map modified from U.S. Geological Survey digital data, 1:100,000. Coordinate Reference System IDTM83, Transverse Mercator projection. Horizontal datum is North American Datum of 1983. Mercury is a global pollutant that ultimately makes its way into every aquatic ecosystem through the hydrologic cycle. Atmospheric deposition of inorganic Hg contributes the vast majority of Hg to aquatic systems as either dry fall or scavenged during precipitation events, although geologic sources and point-source pollution also may contribute to Hg loading (Rada and others, 1989; Fitzgerald and others, 1991; Kamman and Engstrom, 2002) . Once it is in aquatic systems, inorganic Hg may become methylated through microbial sulfate and iron reduction (Fitzgerald and Lamborg, 2003; Fleming and others, 2006; Kerin and others, 2006) .
Duck Valley Reservation
NEVADA
Reservoirs are particularly prone to Hg methylation because of increased microbial activity that results from water-level fluctuations; they can also respond quickly to direct Hg deposition (Sorensen and others, 2005; Wiener and others, 2007; Brigham and others, 2014) . Methylmercury (MeHg) is the more bioavailable and toxic form of Hg; once Hg has moved through aquatic food chains into predatory fish, almost all Hg present in fish tissue is MeHg. In turn, sport fish that are most commonly captured and consumed by subsistence or recreational anglers tend to be predatory fish. 
Regulatory Guidance
The USEPA recommended a water-quality criterion for MeHg expressed as a fish-tissue residue value (MeHg in fish tissue) of 0.30 mg/kg ww (U.S. Environmental Protection Agency, 2001). The MeHg criterion is based on fresh weight, appropriately indicating the nature of fish destined for human consumption. This criterion is based on protecting an adult consumer who eats an average of 17.5 g of fish per day, equivalent to about one 8-ounce serving every other week (U.S. Environmental Protection Agency, 2001; Idaho Department of Environmental Quality, 2005) .
The Idaho Department of Environmental Quality (IDEQ) adopted the USEPA fish-tissue criterion and established a reasonable potential to exceed (RPTE) threshold designed to protect consumers that is 20 percent lower than the criterion or Hg greater than 0.24 mg/kg ww based on an average concentration of 10 fish from a receiving waterbody (Idaho Department of Environmental Quality, 2005) . The Idaho Fish Consumption Advisory Program (IFCAP) applies an even lower action level of 0.22 mg/kg ww Hg, which is compared to the geometric mean Hg concentration of 10 fish of a single species collected from a single water body (lake or stream). IFCAP compares the action level and angling usage of each water body to determine if a consumption advisory should be issued.
For this study, total Hg is analyzed in place of MeHg in fish tissue for two reasons: (1) total Hg is easier and less costly for laboratories to determine than MeHg, and (2) nearly all Hg present in fish muscle tissue is MeHg (Bloom, 1992; Hammerschmidt and others, 1999; Harris and others, 2003) . In comparing fish-tissue results with the criterion, the analytical results for total Hg in the fish tissue should be interpreted as 100 percent MeHg. For the remainder of this report, total Hg analyzed in fish tissue will be referred to as "Hg".
Purpose and Scope
This report presents the results of the fish tissue analysis from samples collected from three reservoirs on the Duck Valley Indian Reservation in 2007, 2009, and 2013 in order to identify changes in fish-tissue Hg concentration within and between reservoirs for different sampling periods. A summary of annual atmospheric deposition rates measured at one of two northern Nevada Mercury Deposition Network (MDN) sites also is included. The scope of the investigation is limited to rainbow trout in the range of sizes people are likely to catch and eat from the reservoirs on the reservation.
Description of Study Area
Duck Valley Indian Reservation encompasses nearly 290,000 acres, of which 22,000 acres are wetlands. Three reservoirs were created on the reservation as a subsistence fishery, but they also provide the Tribes with a valued sport fishery for recreation and economic benefit ( fig. 1 ). Mountain View Reservoir lies in the north-central part of the reservation and is about 2 mi long with a surface area of about 630 acres. Lake Billy Shaw is about 9 mi southwest of Mountain View Reservoir and covers about 430 surface acres near the central area of the reservation. Sheep Creek Reservoir is 6 mi south of Lake Billy Shaw in the south-west area of the reservation and covers about 855 surface acres. The perimeters of the reservoirs are shallow coves with riparian vegetation consisting of cattails, willows, and other aquatic vegetation; upland areas around the reservoirs primarily are sagebrush and grasses.
Data Quality Objectives
Data-quality objectives for sample collection, analysis, and reporting for this study are listed as follows, and provide Hg concentrations in fish-tissue data collected from Mountain View, Lake Billy Shaw, and Sheep Creek Reservoirs:
Collect fish that represent the size range (>25 cm)
likely to be captured and consumed by recreational or subsistence anglers near the sampling sites (table 2, at back of report).
2. Analyze hatchery trout provided by the Tribes from the Black Canyon Trout Farm in Grace, Idaho, as background samples for Hg concentration in stocked fish (table 2) .
3. Use sample processing, handling, storage, shipping, and quality-assurance protocols sufficient to avoid introducing sample contamination or bias to the data.
4. Use laboratory analytical techniques that have sufficiently low detection limits to quantify Hg concentrations in fish tissue at less than 0.24 mg/kg ww (Idaho RPTE threshold).
5. Analyze quality-control samples to provide accuracy and precision information for the fish-tissue samples collected (table 3, at back of report). Quality control included analysis of certified reference material (CRM) to verify instrument calibration (accuracy), and analyses of triplicate fish-tissue samples as an assessment of repeatability (precision) for all sample years. In 2009 and 2013, field duplicates were added as an additional measure of quality control.
6. Following review, provide fish-tissue data to the Tribes, to the general public through the USGS National Water Information System, and in this report.
Sampling and Analysis Field Sampling Methods
Fifteen rainbow trout (Oncorhynchus mykiss) were collected from each of the reservoirs (Mountain View, Lake Billy Shaw, and Sheep Creek Reservoirs) for each sample year (2007, 2009, and 2013) . One fish from Lake Billy Shaw in 2013 was not analyzed because of an external injury. Sampling in 2007 was conducted in late May, and samples in 2009 and 2013 were collected during the first week of June. Because one of the objectives was to sample a range of fish in sizes people are likely to catch and eat, experimental gill nets (mesh with several size openings) were used to reduce the effect of size selection based on a single mesh size (Hubert, 1983) . These nets were used to collect samples, with the exception of fish collected on Sheep Creek Reservoir in 2007 when electrofishing was used. Fish were collected and stored in a live well on the boat during daily sampling events. Each fish was then measured, weighed, euthanized, and placed in separate clean, clear, zip-seal bags on wet ice; all fish were frozen within 24 hours of capture. Sample preparation followed guidelines in U.S. Environmental Protection Agency (2000) and Scudder and others (2008) ; final sample processing was conducted at the USGS Idaho Water Science Center's sample preparation area in Boise, Idaho. Individual samples, consisting of a 1-in. skinless fillet, were taken from each fish just below the dorsal fin (Goldstein and others, 1996) . The samples were placed in self-sealing plastic bags, labeled, and frozen; they later were packed on dry ice for shipment to the USGS Mercury Research Laboratory (USGS MRL) in Middleton, Wisconsin, for analysis.
Fish-Tissue Laboratory Analysis
The USGS MRL provided analysis of Hg in fish tissue consistent with USEPA Method 7473 (U.S. Environmental Protection Agency, 2007) . This method provides a minimum detection limit of 0.008 mg/kg dry weight (dw), based on a 20-50 mg sample size. The detection limit is sufficiently low to quantify Hg concentrations in fish tissue at less than 0.22 mg/kg ww required for IFCAP fish consumption advisory assessments.
Atmospheric Mercury Deposition Data Analysis
The USEPA operates two mercury wet deposition sites in northern Nevada (NV02 and NV99), upwind of the Duck Valley Indian Reservation as part of the National Atmospheric Deposition Program's (NADP) Mercury Deposition Network (MDN) ( fig. 1) . Wind vector and frequency analysis from a remote automated weather station on the reservation (Western Regional Climate Center, 2014) indicates that 44 percent of the prevailing winds are from the southwest compass quadrant, making site NV02, about 68 mi southwest of Sheep Creek Reservoir-the obvious choice for comparison of the Hg deposition rates in relation to reservoir fish samples. Details of the NADP methods and quality-assurance information are available online (National Atmospheric Deposition Program, 2014a). In general, Hg deposition data are collected at the MDN site and analyzed weekly for mercury deposition, summarized and normalized by precipitation, and reported to the public as an annual precipitation weighted wet Hg deposition rate (National Atmospheric Deposition Program, 2014b). Data from NADP for 2003-2013 were used to assess trends in Hg deposition on the reservation. Analysis of data outside of the tissue sampling year is helpful because elemental Hg may take years to enter into an aquatic system (Harris and others, 2007) . Temporal trend testing was done through simple linear regression procedures using NCSS 10 data analysis software (NCSS Statistical Software, 2015) . The annual depositional rate at site NV02 was regressed against year; a slope that is significant (p <0.05) indicates a trend.
Statistical Analysis
Analysis of variance (ANOVA) one-way parametric analysis was used to test the significance of difference in mean fish-tissue Hg concentrations for individual reservoirs among years. Because Hg concentration was positively correlated to fish length ( fig. 2) , Hg concentration was normalized by fish length, and then log transformed to remove much of the heteroscedasticity (unequal variance) of residuals. Data were assumed to be normally distributed. Significant differences were determined if the F-ratio exceeded the critical value (p <0.05). For tests that indicated a significant difference, a multiple comparison test (Fisher's LSD, α = 0.05) was used to determine which years were significantly different. All ANOVA and multiple comparison statistical tests were done using NCSS 10 data analysis software (NCSS Statistical Software, 2015) . A Mann-Kendall test also was run on the normalized and transformed data to determine monotonic change (trend) of Hg concentration in relation to time. The null hypothesis of "no change" is rejected if the S statistic is significantly different from 0 (p <0.05). The Mann-Kendall statistical test was performed with a USGS software package (Helsel and others, 2006) . 
Results and Discussion
Rainbow Trout Mercury Concentrations
Predatory fish generally tend to bioaccumulate Hg, with larger fish having higher Hg concentrations. The variation in Hg concentrations in fish tissue between years in each reservoir may be due to confounding factors such as water-level fluctuations, light penetration limitations due to turbidity from suspended sediments or an abundance of organic matter, or other factors affecting methylation and demethylation rates (Wiener and others, 2007) . Changes in fish population because of fish stocking practices and fish harvesting also may create an artifact in data and exemplifies the complexity of the systems (Wiener and others, 2007) 
Atmospheric Wet Mercury Deposition
Quality Control for Fish Analysis
The USGS MRL has extensive quality-assurance and quality control procedures (U.S. Geological Survey, 2014). Briefly, the USGS MRL uses International Atomic Energy Agency certified reference material 407, or Institute for National Measurement Standards certified reference material DORM-2, to verify laboratory instrument calibration before each daily sample run (Institute for National Measurement Standards, 1993; International Atomic Energy Agency, 2003) . To determine instrument accuracy, CRM is analyzed at the beginning of the sample processing day, after every 10 samples, and again at the end of the sample run. The relative percentage of difference of duplicates required by the USEPA is less than 24 percent (U.S. Environmental Protection Agency, 2002). Triplicates of sample material are analyzed to determine repeatability (precision) and should be within 15 percent of the relative standard deviation for replicate analysis to meet USGS MRL standards. For this project, field replicates were analyzed to determine bias in sample processing. The goal for relative percentage of difference in field replicates was established at less than 20 percent.
Hg concentrations in QC samples are presented with the environmental sample results (table 3). Table 3 also includes laboratory CRM results used to verify equipment calibration (accuracy), and triplicate sample results from individual fish to assess repeatability (precision) for all sample years. The accuracy of the data was within the USEPA standard of less than 24 percent of the most probable value for certified reference material for Hg (U.S. Environmental Protection Agency, 2002). Certified reference material recovery of Hg in QC samples ranged from 84.8 to 122 percent, within the required recovery of 76-124 percent of the theoretical value. The precision of the triplicate sample material was within 15 percent relative standard deviation in laboratory replicate analyses and ranged from 0.474 to 4.31 percent. Field duplicates also were analyzed as a measure of quality control, ranging from 0 to 14.7 percent, below the project goal of less than 20 percent relative percent difference. Nevada, 2007 , 2009 , and 2013 
Summary
